Abstract. It is currently believed that psoriasis and allergic contact dermatitis (ACD) are different diseases; however, they share clinical similarities. The involvement of T helper 17 (Th17) cells in these disorders provides a novel opportunity to investigate the relationship between them. The present study aimed to determine whether the same or overlapping inflammatory pathways are involved in the two diseases, and the influence of different types of ACD on psoriasis. Compound mouse models of Th1 or Th2-type contact hypersensitivity (CHS) combined with imiquimod (IMQ)-induced psoriasis-like inflammation were established, in order to mimic the characteristics of ACD and psoriasis. Histopathology, immunohistochemistry and cytokine detection in blood serum and tissues were used to compare the differences between the mice treated with IMQ alone or IMQ combined with Th1 and Th2-type CHS. As compared with the IMQ-treated mice or IMQ-treated Th1-type CHS mice, the mice with Th2-type CHS treated with IMQ exhibited more serious psoriasis-like inflammation with increased epidermal thickness and infiltrating cells in the derma. High mRNA expression levels of interleukin (IL)-17, IL-22, IL-23, TNF-α and RORγt were detected in back skin lesions. Additionally, high levels of IL-17 and IL-22 in blood serum were detected in IMQ-treated mice combined with Th2-type CHS. The mice treated with IMQ alone, and IMQ treatment combined with Th1-type CHS had a comparable psoriasis-like inflammatory response in the back skin. In conclusion, these data demonstrate that Th2-type CHS exacerbated the IMQ-treated psoriatic inflammation of mice via the IL-23/IL-17 axis. Th17 cells and associated pathways may link ACD and psoriasis. Therefore, patients with psoriasis should avoid contact with specific sensitizers, such as fragrance and rubber products, which may induce Th2 polarization.
Introduction
Psoriasis and dermatitis eczema are common dermatological diseases. They are considered to be two different diseases due to their mechanisms, pathological changes and treatments (1) (2) (3) . However, clinically the normal skin of patients with psoriasis will develop psoriatic lesions subsequent to elicitation, which is known as the Koebner phenomenon (4) . Similarly, if irritated, the plaque lesions of patients with psoriasis will develop dermatitis eczematous changes and lose their inherent characteristics of psoriasis. A previous histology study determined that epidermal thickening and intra-and inter-cellular edema may occur, instead of extended furcella, dermal papilla and Munro's microabscess, which are pathologically described as psoriatic dermatitis (5) . Therefore, these two diseases may be associated and may follow the same or overlapping inflammatory pathways (1) .
Traditionally, psoriasis is considered as a T helper type 1 (Th1)-dominated skin disease, and an imbalance of Th1 and Th2 cells has been demonstrated in psoriasis patients (6, 7) . With the discovery of Th17 cells, psoriasis was thought to be mediated by Th1 and Th17 (8) . In a previous study, a large number of Th17 cells and cytokines were detected in the skin lesions and serum of psoriasis patients (7, 9) . The interleukin (IL)-23/IL-17 axis is considered to be important for the development of psoriasis (10, 11) .
Contact hypersensitivity (CHS) is a delayed-type hypersensitivity mediated by T cells, which consits of sensitization and elicitation phases, similar to the human allergic contact dermatitis (ACD) model (12) (13) (14) (15) . Exposure to different types of chemical sensitization may selectively activate Th1 or Th2 cells, and induce different types of immune response. Exposure to dinitrofluorobenzene (DNFB) can result in Th1-type CHS with high levels of IFN-γ; however, relatively low levels of Th2 cytokines, IL-4, -5, and -10. Exposure to fluorescein isothiocyanate (FITC) can induce Th2-type CHS accompanied by infiltration of Th2 cells (16, 17) . The importance of Th17 in inflammatory diseases is being increasingly recognized, with Th17 cells and cytokines detected in CHS mouse models and patients with ACD (18) (19) (20) .
There is a long-standing debate on the susceptibility and intensity to different contact sensitizations in patients with psoriasis and the relationship between psoriasis and atopic disease. Previous studies have presented varied, even contradictory results (1, 21, 22) . The discovery of Th17 provides a novel perspective of psoriasis and ACD, which allows for the examination of the link between the two diseases. Both the diseases involve Th17 and its cytokines. Therefore, the present study aimed to determine whether the IL-23/IL-17 axis facilitates interaction between the two diseases. In order to achieve this, the compound mouse model of combination CHS with imiquimod (IMQ)-induced psoriasis-like inflammation was established. This model was used to explore the influence of different types of CHS on psoriasis-like inflammation, and the the importance of the Th17-associated pathway.
Materials and methods
Experimental animals. A total of 72 female Balb/c mice (6-8 weeks; 17±1.5 g) were purchased from the Guangdong Medical Laboratory Animal Center (Guangdong, China). The animals were housed at 24˚C with 40-60% humidity on a 12-h dark/light cycle, and provided with food and water ad libitum. The current study was approved by the Laboratory Animal Care and Use Committee of Dalian Medical University (Dalian, China). All protocols used in the present study were in compliance with the Dalian Medical University Guidelines for the proper care and use of laboratory animals.
Reagents and kits. IMQ (5%) cream was purchased from Sichuan Med-Shine Pharmaceutical Co., Ltd., (Sichuan, China). Dibutyl phthalate (DBP; >99%) and FITC were purchased from Sigma-Aldrich (St. Louis, MO, USA). DNFB was purchased from Shanghai Jonln Reagent Co., Ltd. (Shanghai, China). The other chemicals were of analytical grade. Mouse enzyme-linked immunosorbent assay (ELISA) kits for IL-17 and IL-23 were purchased from eBioscience, Inc. (San Diego, CA, USA). Mouse ELISA kits for IL-22 and interferon (IFN)-γ were purchased from Dakewe Biotech Co., Ltd. (Shenzhen, China).
Establishment of compound mouse models of Th1 type or
Th2 type CHS combined with IMQ-induced psoriasis-like inflammation. Establishment of classic murine models of IMQ-induced psoriasis and CHS was based on previous studies (23, 24) . Mice received daily doses of 62.5 mg 5% IMQ cream on their shaven backs for 15 consecutive days. Th1-type CHS was induced by the application of 25 µl 0.5% DNFB on the shaven abdomens in the sensitization phase (day 7 and 8), and 20 µl 0.25% DNFB on each ear in the stimulation phase (day 13) (13). Th2-type CHS was induced by the application of 200 µl 1% FITC on the shaven abdomens in the sensitization phase (day 7 and 8), and 20 µl 0.5% FITC on each ear in the stimulation phase (day 13) (25). The solvent for DNFB was acetone and olive oil (aOO, 4:1 ratio), and for FITC was acetone and DBP (aDBP, 1:1 ratio). In a total of 72 female Balb/c mice, 36 mice were randomly selected to establish the compound mouse model of DNFB-induced Th1-type CHS combined with IMQ-induced psoriasis-like inflammation (Th1-type compound mouse model). The other 36 mice were used to establish the compound mouse model of FITC-induced Th2-type CHS combined with IMQ-induced psoriasis-like inflammation (Th2-type compound mouse model). The mice were divided into 6 groups (n=6/group) in order to establish the following compound mouse models: Group I, control; group II, solvent; group III, Th1 or Th2; group IV, IMQ; group V, IMQ + solvent; group VI, IMQ + Th1 or IMQ + Th2. The detailed grouping and protocol are presented in Fig. 1 .
Scoring severity of skin inflammation. Based on a previous study (23), the Psoriasis Area and Severity Index (PASI) was used as a reference for the scoring of IMQ-induced psoriasis model. The back skin area of the mice treated with IMQ was excluded from the overall score. Erythema, scaling and thickening were scored separately on a scale from 0-4: 0, none; 1 slight; 2 moderate; 3 marked; and 4 very marked. The cumulative score (scale: 0-12), including erythema, scaling and thickening was used to determine the severity of the inflammation.
Ear swelling and ear weight calculations. Ear swelling was determined using vernier calipers. Ear edema was expressed as (R + L) / 2 -(R0 + L0) / 2, where R0 and L0 stand for the thickness of the right and left ear, respectively, prior to elicitation. R and L stand for the thickness at 48 h after elicitation. The ears were punched with a trephine of 4 mm diameter, and weighed immediately. Increase in ear thickness and ear weight was used to indicate the extent of inflammation.
Histology. Following the treatment, after 48 h the mice were anesthetized using pentobarbital sodium (100 mg/kg, intraperitoneally; Sigma-Aldrich). Blood samples were collected from the retro-orbital plexus and the mice were sacrificed by cervical dislocation, then the ears and back skin were collected and fixed overnight in 10% formalin at room temperature. The tissues were then embedded in paraffin, cut into 6 µm sections, and stained with hematoxylin and eosin. Epidermal thickness (acanthosis) and the number of infiltrating cells were assessed using Photoshop CS4 analysis software (Adobe Systems, Inc., San Jose, CA, USA).
Tissue sample preparation. The ears of the mice were cut and homogenized in 10 ml/g of PBS 48 h after the end of the treatment. Following centrifugation at 12,000 x g for 10 min at 4˚C, the supernatant was collected and IL-17 levels were detected by ELISA.
Enzyme-linked immunosorbent assay. Serum samples were obtained by centrifugation of the collected blood samples (5,000 x g, 15 min, 24˚C). Serum levels of IL-17, IL-22, IL-23 and IFN-γ were determined using an ELISA kits according to the manufacturer's protocols.
RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from mice ears and dorsal skin biopsies frozen in liquid nitrogen using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). SuperScript III First-Strand Synthesis System (Invitrogen; Thermo Fisher Scientific, Inc.) was used for cDNA synthesis. The reactions were performed on a ViiA7 Real Time PCR System (Thermo Fisher Scientific, Inc.) using FastStart Universal SYBR Green Master (Roche Diagnostics, Basel, Switzerland). The qPCR reaction was conducted as follows: 95˚C for 10 min; 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. The data were normalized to β-actin and the relative mRNA levels calculated using the 2 -ΔΔCq method (26) . Primer sequences used are indicated in Table I .
Statistical analysis. Statistical analysis was performed with GraphPad Prism 5.01 software (GraphPad Software, Inc., La Jolla, CA, USA). Data are expressed as the mean ± standard deviation. The differences between experimental groups were analyzed by one-way analysis of variance followed by the Student-Newman-Keuls post-hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results

Establishment of the compound mouse model of Th1-type CHS combined with IMQ-induced psoriasis-like inflammation.
Ear changes. Following elicitation, signs of ear inflammation such as swelling, capillary expansion and inflammatory cells infiltration were observed in Th1 and IMQ + Th1 groups. Mice in the Th1 and IMQ + Th1 groups had similar degrees of ear inflammation. No obvious changes were observed in the control, solvent, IMQ and IMQ + solvent groups (Fig. 2) . The ear swelling and ear weight of Th1 and IMQ+Th1 groups were significantly greater when compared with the control, solvent, IMQ and IMQ+solvent groups ( Fig. 2C; P<0 .001). There was no significant difference between Th1 and IMQ + Th1 groups (Fig. 2C) . Back skin changes. Similar to human psoriasis, the back skin lesions of mice in the IMQ, IMQ + solvent and IMQ + Th1 groups presented acanthosis, extended furcella, hyperkeratosis, parakeratosis and infiltration of inflammatory cells. The control, solvent and Th1 groups did not demonstrate any signs of inflammation (Fig. 2B) . Acanthosis and the number of infiltrating inflammatory cells in IMQ, IMQ + solvent and IMQ + Th1 groups were significantly increased when compared with the control, solvent and Th1 groups ( Fig. 2D; P<0 .001). There were no significant differences in acanthosis and the number of infiltrating inflammatory cells between IMQ and IMQ + Th1 groups. No significant difference was identified between IMQ, IMQ + solvent and IMQ + Th1 groups (Fig. 2D) .
Establishment of the compound mouse model of Th2-type CHS combined with IMQ-induced psoriasis-like inflammation.
Ear changes. Mice in Th2 and IMQ + Th2 groups did not exhibit ear inflammatory changes. The ear inflammation in the IMQ+Th2 group was elevated when compared with the Th2 group (Fig. 3 ). There were no obvious changes in the control, solvent, IMQ and IMQ+solvent groups (Fig. 3A) . The mice in the Th2 and IMQ+Th2 groups showed increased ear swelling and ear weight when compared with the control, solvent, IMQ and IMQ+solvent groups ( Fig. 3C; P<0 .001). The mice in the IMQ + Th2 group had enhanced ear swelling and ear weight when compared with the Th2 group ( Fig. 3C; P<0.05;) .
Back skin changes. The IMQ, IMQ + solvent and IMQ + Th2 groups exhibited psoriasis-like inflammation, whilst the control, solvent and Th2 groups had no obvious changes (Fig. 3B) . Acanthosis and the number of infiltrating inflammatory cells in the IMQ, IMQ + solvent and IMQ+Th2 groups were significantly different when compared with the control, solvent and Th1 groups ( Fig. 3D; P<0 .001). The IMQ + Th2 group had increased acanthosis and infiltrating inflammatory cells when compared with the IMQ group ( Fig. 3D; P<0 .05).
Comparison of ear inflammation in Th1 and Th2-type compound mouse models. Histological examination indicated that the ear inflammatory responses in the IMQ + Th1 and IMQ + Th2 groups were comparable (Fig. 4A) . There was no significant difference in the ear swelling and ear weight between the two groups (Fig. 4B ). The relative mRNA expression level of IFN-γ in the IMQ + Th1 group was elevated and significantly higher compared with the IMQ + Th2 group (Fig. 4C; P<0.05) . However, the difference between the IMQ and IMQ + Th1 (Fig. 4C) . The relative mRNA expression level of IL-4 in the IMQ + Th2 group was significantly higher compared with the IMQ and IMQ + Th1 groups ( Fig. 4C ; P<0.05). The IL-17 level in the ears of the IMQ + Th2 group was higher compared with the IMQ and IMQ + Th1 group; however, the difference was not statistically significant (Fig. 4D) .
Comparison of back skin lesions in Th1 and
Th2-type compound mouse models. Overall, the back skin of the mice began to resemble human psoriasis at three days following IMQ application. The independent and cumulative scores are presented in Fig. 5 . The scores of the IMQ, IMQ + Th1 and IMQ + Th2 groups were consistent, and peaked following the application of IMQ for six consecutive days. Subsequent to the sensitization at day 7 and 8, the scores of the IMQ and IMQ + Th1 groups began to decline; however, the IMQ + Th2 group still presented a severe inflammatory response, and high scores (Fig. 5D) . The IMQ + Th2 group presented more severe erythema, scaling and thickness in overall appearance compared with the IMQ and IMQ + Th1 groups, with increased acanthosis and inflammatory cell infiltration observed microscopically ( Fig. 5A-C ; P<0.01~0.001). There were no significant differences between the IMQ and IMQ + Th1 groups.
Comparison of serum cytokine levels in Th1 and Th2-type compound mouse models. Serum levels of IL-17 and IL-22 in the IMQ + Th2 group were elevated when compared with the IMQ and IMQ + Th1 groups. However, the difference was not significant for the serum IL-17 levels between the IMQ and IMQ + Th1 groups (Fig. 6A) . Serum IL-22 levels in the IMQ + Th2 group were significantly higher when compared with the IMQ and IMQ + Th1 groups (Fig. 6B, P<0 .05-0.01). There was no significant difference between the IMQ and IMQ + Th1 groups. IL-23 and IFN-γ were not detected in serum.
Comparison of relative mRNA levels of cytokines and transcription factors in back skin lesions of Th1 and Th2-type compound mouse models.
Relative expression mRNA levels of IL-17, IL-22 in back skin lesions of the IMQ + Th2 group were significantly higher compared with the IMQ and IMQ + Th1 Fig. 7A; P<0 .05), and there were no significant differences between the IMQ and IMQ + Th1 groups (Fig. 7A) . Relative mRNA expression levels of IL-23 and TNF-α were significantly higher in the IMQ + Th2 group compared with the IMQ group ( Fig. 7A; P<0.05 ). There were no significant differences identified between the IMQ + Th1 and IMQ + Th2 groups (Fig. 7A) . There was no significant difference in relative mRNA expression levels of IFN-γ and IL-6 between the IMQ, IMQ + Th1 and IMQ + Th2 groups (Fig. 7A) . Relative mRNA expression levels of nuclear hormone receptor retinoic acid-related orphan receptor γt (RORγt), which is a transcription factor specific to Th17 cells, were significantly elevated in the IMQ + Th2 group when compared with the IMQ and IMQ + Th1 groups ( Fig. 7B; P<0.01~0.001) . The relative mRNA level of RORγt was significantly higher in the IMQ group when compared with the IMQ + Th1 group ( Fig. 7B;  P<0 .05). The relative mRNA level of aryl hydrocarbon receptor (AHR), which is the key transcription factor in Th22 cells, was significantly elevated in the IMQ + Th2 group compared with the IMQ + Th1 group. There was no significant difference between the IMQ and IMQ + Th2 groups (Fig. 7B) . There was no significant difference in the relative mRNA level of T-bet, which controls IFN-γ production and Th1 cell differentiation, between the IMQ, IMQ + Th1 and IMQ + Th2 groups (Fig. 7B) .
Discussion
Based on stable psoriasis-like pathological changes induced by IMQ, mice were sensitized and challenged with DNFB and FITC, which can induce the classic Th1 or Th2-type Through the detection of alterations in morphology, histopathology and cytokines in ear tissues, it was determined that the Th1 or Th2-type CHS mice combined with IMQ-induced psoriasis-like inflammation had a comparable degree of ear inflammation. In the two compound mouse models, CHS was induced by DNFB or FITC and still maintained the inherent Th17 cells are a novel subset of T helper cells, mainly producing IL-17 and IL-22 (20) . Th17 cells are not only responsible for the development of autoimmune diseases but also participate in the pathogenesis of allergic diseases (19, 20, 27) . Previous studies have demonstrated that Th1 cytokines were pathogenic in the development of psoriasis, while Th2 cytokines were protective (28) (29) (30) (31) . Additionally, studies have indicated that psoriasis is more inclined to be mediated by Th17 than Th1 (7, 32) . Th17 and the IL-23/IL-17 axis are important for the pro-inflammatory response by coordinating various inflammatory mediators, including IL-6 and TNF-α (33, 34) . A previous study reported that IL-17A induced Th2 inflammation in acute disease, and Th2 differentiation from naive T cells was promoted in vitro by the addition of IL-17A (14) . The present study indicated that the mice with combined Th2-type CHS and IMQ-induced psoriasis-like inflammation had marked ear inflammation, histological changes, increased intra-and 
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inter-cellular edema, and greater infiltration of inflammatory cells compared with mice with Th2-type CHS. This may be due to Th2-type CHS being exacerbated in the Th17 inflammatory microenvironment presented by IMQ-induced psoriasis-like inflammation. Previous studies have confirmed that IL-4 is protective in psoriasis, and participates in the negative regulation of Th17 cells (28, 35) . Therefore, it was hypothesized that Th2-type CHS may relieve psoriasis-like inflammation. By contrast, the results of the present study indicate that Th2 CHS exacerbated the psoriasis-like inflammation induced by IMQ. Although IL-4 participates in the downregulation of Th17, and inhibits the differentiation of Th17 cells, it has also been determined that Th17 cells may develop despite robust Th2 responses (20) . The current study determined that the psoriasis-like inflammation was more serious in the mice treated with IMQ combined with Th2-type CHS when compared with mice treated with IMQ + saline. Following sensitization with FITC in the abdomen, the IMQ-treated skin exhibited sustained inflammatory responses and high scores, which demonstrated the deteriorating effect of Th2-type CHS on psoriasis-like inflammation initiated from the sensitization phase. The histological examination indicated that the mice treated with IMQ combined with Th2-type CHS presented thicker epidermis and high infiltration of inflammatory cells compared with mice treated with IMQ + saline, which indicated the persistence and amplification of the psoriasis-like inflammation. High mRNA levels of the Th17 transcription factor, RORγt, and the associated cytokines, IL-17, IL-22, IL-23 and TNF-α, were detected in the psoriasis-like skin lesions. High levels of IL-17 and IL-22 were detected in the serum. However, no obvious changes in mRNA levels of Th1 cell transcription factors, T-bet and IFN-γ, were observed. This confirmed that the IL-23/IL-17 axis of IMQ-induced psoriatic inflammation was activated by combining with Th2-type CHS, resulting in the exacerbation and amplification of the psoriasis-like inflammation. In a previous study, high levels of thymic stromal lymphopoietin (TSLP), a Th2-polarization cytokine, were detected in the skin lesions of psoriasis patients. TSLP was identified to act synergistically with CD40L and aggravate psoriasis via the promotion of the production of IL-23 (36). Therefore, it is possible that the Th2-associated allergic inflammatory response and psoriasis are not antagonistic. On the contrary, a certain degree of synergistic relationship is observed between Th17 and the IL-23/IL-17 axis; however, the mechanisms remain to be elucidated. DNFB-induced Th1 CHS has no evident influence on IMQ-treated psoriasis-like inflammation. No differences were observed in the psoriasis-like skin lesions between the mice treated with IMQ + saline and the mice treated with IMQ combined with Th1-type CHS. They had similar skin thickness and comparable levels of infiltration of inflammatory cells. Compared to the the mice treated with IMQ + saline, the mice treated with IMQ combined with Th1-type CHS did not exhibit increased mRNA levels of Th17 transcription factors and associated cytokines in the psoriasis-like lesions or elevated IL-17 and IL-22 levels in serum. Compared with the IMQ + saline group, the IL-23/IL-17 axis was not influenced, indicating that psoriasis is inclined to be mediated by Th17, and Th1 does not served a pivotal role compared with Th17. There was no alteration to the IFN-γ/Th1 response, which may be due to the neutralization of cytokine interactions.
Previous epidemiological studies have reported negative associations between atopy and multiple sclerosis, rheumatoid arthritis and type 1 diabetes (1, 27) . Autoimmune inflammatory responses tend to suppress the development of atopy, and atopy may suppress the severity of autoimmunity (27) . With respect to psoriasis, previous studies have determined that T lymphocyte function and hapten sensitization were impaired, and the susceptibility to develop contact allergy were decreased in patients with psoriasis (1, 37, 38) . By contrast, previous studies have demonstrated that contact dermatitis was common in patients with psoriasis and there were no statistically significant differences in the contact hypersensitivity and its frequency between plaque psoriasis patients and control groups (21, 22 ). An increased incidence of contact allergy has been observed in patients with palmar-plantar psoriasis and atopy was associated with the protection against the development of psoriatic arthritis (39, 40) . The results of the current study indicate that different types of CHS differentially influence psoriasis-like inflammation. DNFB-induced Th1-type CHS had no obvious impact on IMQ-treated psoriasis-like inflammation. However, FITC-induced Th2-type CHS exacerbated IMQ-treated psoriasis-like inflammation. Therefore, solely relying on the Th1/Th2 paradigm to explain the relationship between psoriasis and atopic disease is an oversimplification of the disease. It is possible that different sensitizers affect different inflammatory pathways, and differentially influence psoriasis. Dhingra et al (15) identified unique pathways that were preferentially activated by different allergens, which are relevant clinical sensitizers in humans, and determined that exposure to fragrance, and to a lesser extent rubber, resulted in mixed and classic 'allergic' Th2 polarization. Fragrance mix had 100% current relevance as an aggravating factor of psoriasis, and patients with psoriasis had significant sensitivity to fragrance compared with general dermatology outpatients (41, 42) . Taken together, these previous studies support the current findings. Therefore, it is recommended that patients with psoriasis should avoid contact with specific sensitizers, such as fragrance and rubber products. We hypothesize that psoriasis and contact dermatitis are not completely independent diseases. They have intrinsic links and Th17-associated pathways may be a point of convergence between the two diseases.
